In this paper, the inherited collocation method is introduced to solve the fuzzy differential equations. For this purpose, the so-called inherited LU factorization of matrices and inherited polynomials are used to decompose the extended crisp matrix obtained from the proposed method easily. The examples show the efficiency and importance of this method.
Introduction
Solving fuzzy differential equations is one of the important topics in fuzzy analysis [10] . In recent years, some numerical and analytical methods were proposed in order to solve this equations such as [1, 2, 5, 6, 7, 12] . In this work, we apply the collocation method and use the inherited basis function in order to solve the system of linear equations with fuzzy coefficients. Then, the LU factorization of matrices is applied to decompose the extended system of linear equations with crisp coefficients in a simple manner. Inherited basis functions was introduced by the authors in [16, 17] . Also, the inherited LU factorization was applied for solving fuzzy system of linear equations in [18] . At first in section 2, we remind some preliminaries of fuzzy numbers. In section 3, the main idea is proposed. We introduce a kind of collocation method to solve the fuzzy differential equations based on the inherited LU factorization and we offer theorems to prove the extended matrix of the proposed method has a type of inherited LU factorization. In section 4, three examples are solved to illustrate the applicability and efficiency of this method.
Preliminaries
In this section, we recall some basic definitions of fuzzy sets theory mentioned in [3, 11, 13, 14, 15, 20, 21, 22] . The set of all these fuzzy numbers is denoted by E 1 . For u = (u, u), v = (v, v) ∈ E 1 , k ∈ R the addition, multiplication and the scaler multiplication of fuzzy numbers are defined by
(u + v)(r) = u(r) + v(r), (u + v)(r) = u(r) + v(r), (u.v)(r) = min{u(r).v(r), u(r).v(r), u(r).v(r), u(r).v(r)},
is the Hausdorff distance between u and v. It is shown that E 1 , D is a complete metric space [20] . 
(h and (−h) at denominators mean (iv) . Then f ′ (x) ∈ R for all t ∈ (a, b) (see [11] r) ) (see [13] 
(h and (−h) at denominators mean
Remark 2.1. We note that by the above definition a fuzzy function is i-differentiable or ii-differentiable of order n if
f (s) for s = 1, . . .
, n is i-differentiable or ii-differentiable. It is possible that the different orders have different kind i or ii differentiability.
For a given fuzzy function f ,we have two possibilities according to the definition 2.5 to obtain the derivative of f at t:
. Then for each of these two derivatives, we have again two possibilities:
In similar fashion, we can consider the n-order differential of f . For example
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Main Idea
We consider the following fuzzy differential equation,
are fuzzy numbers and g(t) is fuzzy known function. We approximate the solution of (3.1) by following linear combination of functions,
where, a j are fuzzy numbers, and h j (t) are crisp basis functions. By choosing n points t 1 ,t 2 , · · · ,t n ∈ [0, T ] and setting (3.2) in (3.1),the linear fuzzy system of equations is obtained:
. . .
From (3.3), the following 2n × 2n crisp system can be written: 
where I is the n × n identity matrix [16] .
Definition 3.2. We say the matrix M has the unit inherited LU factorization if and only if M = (I + M L )(I + M U ).
Theorem 3.1. The matrix S has the inherited LU factorization if and only if:
Proof. See [18] Theorem 3.2. According to the construction of system (3.4) , if
Proof. According to the definition of the matrix S 1 , we have:
We consider the following basis functions, called the inherited polynomials [17] ,
Now, according to the Eq. Proof. According to the definition of basis functions (3.6) and relations (3.5) we have,
hence, according to the proof of theorem 3.2, we have, 1 has the unit inherited LU factorization.
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Proof. By induction on n, let n = 2 and M be the second leading sub matrix of S 1 , we have MM −1 = I, therefore, m
, therefore M −1 has the unit inherited LU factorization. Now, we suppose the n − 1th leading sub matrix of S 1 has been the conditions (3.7), we prove the matrix S 
Therefore, the matrix S −1 1 satisfies in (3.7), and it has the unit inherited LU factorization. 
if k is odd then we have,
Now, we consider the k-th row of M and the l-th column of M ′ subject to l is odd and l < k we have,
Finally, we consider the k-th row of M and the l-th column of M ′ subject to k is even and l > k we have,
We can see, the matrix MM ′ satisfies in (3.7), and proof is complete.
Now, by choosing the basis functions (3.6), we offer a method to obtain the LU factorization of the system (3.3) very fast and solve it very simple analytically. In order to decompose S, according to [4] , we must find matrices L and U such that S = LU, where L is unit lower triangular and U is also unit upper triangular as follows,
According to theorem 3.6, the matrix S 1 has the unit inherited LU factorization, therefore the decomposition of it obtains without any operations as follows,
Also, according to theorems 3.4 and 3.6 and corollary 3.1, the matrix
1 S 2 has the unit inherited LU factorization as follows,
Finally, we have [19] .
Numerical examples
In this section, three sample examples are solved via the proposed scheme which was described in the previous section. The results have been provided by MAPLE. In order to solve Eq. (4.11) by inherited collocation method, we consider five points t 1 = 1,t 2 = 8,t 3 = 12,t 4 = 4 and t 5 = 5 and also the following basis functions,
we have, 
12r
We can see, 
Now, we can solve the system SA = G very simple and also analytically. Then we obtain,
And finally, We consider the collocation points x 1 = 6, x 2 = 5, x 3 = 12 and following basis functions,
We have the following extended system, 
Example 4.3. We consider the following fuzzy differential equation, 
Conclusion
In this work, we proposed the new method called inherited collocation method to solve the fuzzy ordinary differential equations. In this method, we considered special type of inherited polynomials for basis functions and we proved some theorems where the extended matrix of linear equations can be decompose very simple and the obtained system can be solved easily. Consequently, the LU inherited decomposition of matrices can be applied to solve a given fuzzy ordinary differential equation and the proposed algorithm can be develope to solve other kinds of fuzzy differential equations.
